INTRODUCTION
Economic development, population growth, and changing land use patterns are common characteristics of river valleys in the basin and range province of the American Southwest. Once a nearly empty corner of a developing nation, the alluvial basins of the Southwest are now the focal points of a massive economic and demographic shift from the industrial and agricultural states of the East and Midwest. The unstable river channels of alluvial basins in Utah, Nevada, southern California, and especially central Arizona pose difficult flood hazards, particularly since hydraulic, engineering, and geomorphic principles developed elsewhere seem not to be useful in river management and planning in the developing region. Frequent, wide-ranging, and destructive channel migration is a common feature of rivers that must be clearly defined and adequately explained before the initiation of successful engineering works or management plans (Figures 1 and 2 ).
On a geologic time scale, the rivers of the interior American Southwest are aggrading [Hunt, 1974] . Debris from fault block mountains are transported to the basins and added to alluvial and lacustrine fills thousands of meters deep. The faults dividing the basins from the mountains are still active in some areas, but in central Arizona they have not exhibited movement for several million years [Euge et at., 1978] . The rivers delivering the sediments exhibit courses across the basins that have general braided characteristics. A single low-flow or main flow channel with one or two more shallow overflow channels is common, rather than the nearly equal multiple channels of braided streams on the Great Plains [Smith, 1971] .
Under natural conditions, banks of the Southwestern rivers are frequently poorly defined.
All the rivers of the southwestern basins have been affected by human activities, however, so that none is presently in its natural state. Extensive irrigation works with retention and diversion structures insure that all the streams now have altered flow regimes with reduced annual discharges. An example of the magnitude of these works is provided by Smith [1972] . Sand and gravel mines to provide materials for economic development are frequently located in channel areas. Bridges The second problem involves explaining the observed pattern of stability so that more reliable predictions are possible for a variety of engineering and management alternatives.
Why are the stable and unstable zones distributed the way they are?
The Gila River in Maricopa County, central Arizona, provides a convenient fiver that has abundant data and that is representative of braided, sand bed rivers found in the American Southwest. The study area occurs in an area of deep alluvium-filled valleys surrounded by mountains of basaltic, crystalline, sedimentary rocks [Wilson, 1962] Thus far the procedure produced a series of maps, one for each subsection of the study reach. Each map showed lines of points at 1.6 km (1 mi) intervals along the channel, with each point assigned a value expressing the probability that a main flow channel had been located there during the past 112 years. These points provided the input for the final step in stability mapping: a contour map, with each contour connecting points of equal probability. The final product was a series of probability maps, one for each subsection of the study area (Figure 4) . Where probabilities are low, the channel is relatively unstable and is likely to be located in a new position each time a flood occurs. Where probabilities are high, the channel is relatively stable, and is likely to be located in the same place much of the time. The probability maps show that stable and unstable zones alternate with each other along the channel with probabilities ranging from zero to nearly 90%.
Although the Gila River in the study area has a braided channel, its main flow channel is susceptable to sinuosity analysis which may be useful in describing changes in channel pattern [Leopold and Wolrnan, 1957] . Sinuosity has the added attraction of having been used in previous studies and so provides an opportunity for comparisons [$churnrn, 1977] . Sinuosity is defined as the actual along-channel distance divided by the most direct along-valley distance. Previous research shows that sinuosity represents a method of gradient adjustment by the fluvial system in response to discharge and sediment characteristics [$churnrn, 1963; Brice, 1974] . Typical values of sinuosity range from 1.0 (perfect alinement with the shortest possible distance) to over 2.0 (channel meandering so greatly that it is more than twice as long as the shortest possible distance).
In the study area sinuosity was calculated by measuring the actual along-channel distances on the transcribed traces from the historical sources and from recent observations. Sinuosity was calculated for the entire study reach as well as each subsection. The results are given in Table 3 . The shortest overall distance for the study reach is about 48 km (30 mi), but over the last 112 years the main flow channel has had a mean length of approximately 57 km (35.5 mi). The shortest channel was 54.6 km (33.9 rai), and the longest was 58.6 km (36.4 mi).
DISCUSSION
The probability maps (Figure 4a-e) provide a view of the main flow channel from a probabilistic perspective. The perspective seems most appropriate for two reasons. First, fluvial processes are partly deterministic and partly stochastic [$hen, 1979 ]. Deterministic models may be appropriate for some aspects of research into fluvial processes of the Gila River, though a combination of approaches is most likely to meet with success. Second, most established hydraulic models contain a basic assumption of equilibrium, but the past century of change in the Gila River clearly demonstrates that except for general sinuosity, the channel is not in an equilibrium condition [Stevens et al., 1975] , so that classic models are unlikely to be useful without radical modification [Prigogine, 1978] . For example, assumptions of Manning roughness coefficients in the unreasonable range of 0.75 or greater are required for an adequate 'fit' of descriptive models to observed conditions in the phreatophyte-infested channels. Since almost all major channel changes occur rapidly as a result of flood events, the application of catastrophe theory may be useful [Graf, 1979; Thornes, 1980 ]. 
An examination of the probability maps indicates that some

stability. Artificially induced sedimentation behind Gillespie
Dam has produced reduced gradients, and low values of locational probability dominate the portion of the river where the upstream edge of the sediment wedge is found, near the upper right margin of Figure 4e . Despite these unstable areas on the sediment wedge behind the dam, the probability maps shows a remarkable arrangement across the wedge with stable and unstable zones alternating with each other at about 3.2 km (2 mi) intervals. This regular spacing, a logical outcome of the geometric properties of the demand for sinuosity and the spacing of control factors, is in part a function of the sampling interval. Although the actual spacing may thus be slightly distorted, it undoubtedly exists.
The implications of the locational probabilities for planners and managers seeking to stabilize the river channel are that some reaches are already stable and probably require minimal investment. Other sections are inherently unstable and represent more likely candidates for control efforts.
Control efforts must also take into account the longterm sinuosity of the main flow channel, which has not deviated far from the mean value of 1.18 (Table 3) figurations of the near future are likely to be influenced in part by present conditions, the inherent instability and lack of equilibrium conditions in the Gila River make knowledge of historical positions imperative because they appear to have a substantial likelihood of reoccurring. The data is weighted toward the recent conditions, but the conclusions may have some error built in because the system behavior may not be weighted in the same fashion. The frequency of observations as determined by the data sources also poses a problem. The probability maps are based on the frequency of occurrence for channels within sampling units. It would be more convenient from a statistical sampling standpoint to obtain observations at annual or decadal intervals, but these data are not available. Since the changes occur only during floods, the sampling was stratified to insure that each between-flood period was included, but some periods went unobserved for lack of a suitable source of information.
Had this information been included, the probability maps might have been somewhat different.
Although it is impossible to control the frequency of sampling through time, more selectivity is possible in sampling across space. The probability maps in this study were constructed from sampling lines spaced at 1.6 km (1 mi) intervals along the channel and divided into 164 m (500 ft) segments across the channel. More detailed maps would have resulted from a more dense sampling scheme or from the use of sampling squares that would blanket the channel area, but increasing resolution is accompanied by increasing processing requirements.
Finally, a basic underlying assumption for all the work reported here is that the past is a reliable guide to the future, hence a dependence on probabilistic approaches. When dealing with an unstable system, this approach seems prudent, but if large-scale interruptions occur in the area (construction of large levees, dams, or numerous bridges, extensive sand and gravel mines, wholesale, alteration of the phreatophyte communities, or a radical change in climate), the basic system may respond by adjusting its behavior to a totally new mode of operation. If this were to occur, past channel configurations probably would be unreliable in predicting future configurations.
With these reservations in mind, the research questions proposed at the beginning of this paper can be tentatively answered. First, using historical data sources, instability in braided, sand bed rivers can be mapped using locatiohal probabilities that define zones of stability and hazardous zones of frequent channel migration. Second, the stable and unstable zones are arranged in such a way as to preserve a mean sinuosity under constraints imposed by bedrock controls and man-made structures. Interpretation and analysis of the behavior of streams with high flood discharge to annual discharge ratios depends on recognition of the catastrophic adjustments during floods with broad constraints rather than approaches that assume equilibrium conditions.
